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Abstract: The decision for definitive therapy for the treat-
ment of patients with connective tissue disease-associated
interstitial lung disease (CTD-ILD) is difficult. Patients with
CTD-ILD received 0.5 g twice a day of mycophenolate mofe-
til for 2 years (MMF cohort, n = 105) or cyclophosphamide
50 mg once every other day, and the cumulative dose of
cyclophosphamide should not exceed 10g (CYC cohort,
n = 140). After complete of treatment (EL), % forced vital
capacity (FVC) and % diffusing capacity of the lungs for
carbon monoxide were increased in both the MMF and
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CYC cohorts as compared to before treatment (p < 0.001
for all). There were higher changes in % FVC values and a
greater number of patients with significant change in %
FVC (>10% change) in the CYC cohort than in the MMF
cohort (p < 0.0001 for both) at EL. Patients in the CYC cohort
had higher rates of leukopenia, thrombocytopenia, serious
adverse effects related to treatment(s), and death than
those in the MMF cohort (p < 0.05 for all). Cyclophosph-
amide plus prednisolone superiorly improved % FVC compared
to mycophenolate mofetil plus prednisolone. Mycopheno-
late mofetil and cyclophosphamide improved pulmonary
function. Mycophenolate mofetil is less toxic and increased
patient survival.

Keywords: connective tissue disease, cyclophosphamide,
forced vital capacity, Interstitial lung disease, mycopheno-
late mofetil, prednisolone

1 Introduction

Interstitial lung disease (ILD) is a type of diffuse parench-
ymal lung disorders associated with morbidity and mor-
tality [1]. Connective tissue disease (CTD) can affect the
components of intestinal lung diseases that are progressive
and fatal diseases [2]. Cyclophosphamide is an immunosup-
pressant that is reported effective in autoimmune and
inflammatory illnesses including remission [3]. Cyclophos-
phamide is an alkylating agent that causes cross-linkage of
DNA and the other a variety of macromolecules, bone
marrow suppression, and impairs humoral and cellular
immune responses [2]. These actions lead to several toxi-
cities associated with the use of cyclophosphamide and are
associated with the total cumulative dose [4]. Therefore,
the long-term cyclophosphamide treatment is limited to
less than 12 months [5]. Mycophenolate mofetil is currently
used in organ transplants [6] and in the treatment of auto-
immune diseases [7] because of its immunosuppressive
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properties and favorable safety profile [5]. It is equally
effective and safe as cyclophosphamide after 2 years of
usage in patients with systemic sclerosis associated ILD
[5,8]. In addition, mycophenolate mofetil is well tolerated,
has a low discontinuation rate, and has improved pulmonary
functions over 2.5 years in patients with connective tissue
disease-associated interstitial lung disease (CTD-ILD) [9]. Both
mycophenolate mofetil and cyclophosphamide are effective
and safe for systemic sclerosis-associated ILD [10]; however,
mycophenolate mofetil is not approved in patients with CTD-
ILD in China.

The decision for definitive therapy for the treatment of
patients with CTD-ILD is difficult [11] because clinicians
need to identify patients who will develop progressive dis-
ease and balance the need for high levels of therapy in the
critically ill patient cohort with the potential adverse
effects, because for such conditions a relatively limited
literature is available [12].

The objective of this retrospective study was to eval-
uate the efficacy and safety of 2 years of mycophenolate
mofetil plus prednisolone treatment against cyclophospha-
mide (50 mg once every other day, and the cumulative dose
of cyclophosphamide should not exceed 10 g) plus predni-
solone treatment in patients with CTD-ILD.

2 Materials and methods

2.1 Study design

This is a multi-center retrospective analysis. An anony-
mous data sharing was done.

2.2 Ethics approval and consent to
participate

The designed protocol of the established study was approved
by the Shanxi Bethune Hospital review board (approval
number: YXLL-2023-144). The study followed the law of
China and the v2008 Declarations of Helsinki. The require-
ment for informed consent was waived by the Shanxi
Bethune Hospital Review Board.

2.3 Study subjects and data collection
2.3.1 Inclusion criteria

Patients (=18 years of age) with CTD-ILD (diagnosed accor-
ding to the British Thoracic Society guidelines [13]) require

DE GRUYTER

to start immunosuppressive treatment(s) and treated with
oral cyclophosphamide or oral mycophenolate mofetil
were included in the study.

2.3.2 Exclusion criteria

Patients with CTD-ILD who discontinued cyclophosphamide
or mycophenolate mofetil and those with incomplete data in
institutional records were excluded from the analysis.

2.4 Treatment(s)

A total of 105 patients received 0.5 g of oral twice a day of
mycophenolate mofetil for 2 years (MMF cohort) and 140
patients received oral cyclophosphamide 50 mg once every
other day, and the cumulative dose of cyclophosphamide
should not exceed 10 g (CYC cohort) [14]. In addition to
mycophenolate mofetil or cyclophosphamide, all patients
received oral prednisolone. We first give a moderate dose
of prednisone and then reduce the dose after the condition
is stable. For example, the dosage of prednisolone was
40-80 mg/day first, which was reduced to 30 mg/day at
about 1 month, then reduced by 5mg every month, and
reduced to 20 mg/day after 2 months. After that it was
reduced by 2.5 mg every 2 months, and to 15 mg/day after
4 months, after which the reduction may be slower later.
It was the same in MMF and CYC treatment.

2.5 Outcome measures
2.5.1 Diagnosis of CTD-ILD

CTD-ILD was diagnosed according to the British Thoracic
Society guidelines [13]. The presence of specific autoanti-
bodies or histopathology and high-resolution chest com-
puted tomography (OP and a ground-glass opacification
(GGO) were pattern of high-resolution chest computed
tomography) was performed for the diagnosis of CTD-ILD
[15]. >20% lung involvement on high-resolution chest com-
puted tomography did.

The average time of lung function after treatment was
one month. The collection of lung functions was after com-
plete of treatment (1 year + 1 month for CYC cohort and 2
year + 1 months for MMF cohort; after complete of treat-
ment [EL]). The demographic and clinical conditions of
patients, pulmonary physiology before treatment(s) (BL)
and EL, and adverse effects were collected from the hos-
pital records of patients and analyzed.
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2.5.2 Pulmonary function tests

2.5.2.1 Forced vital capacity (FVC)
FVC is the total amount of air exhaled during forced
expiration. A spirometer was used to measure the FVC.

2.5.2.2 Diffusing capacity of the lungs for carbon
monoxide (DLCO)

It is a measurement of the lung’s ability to transfer gas

from inspired air to the bloodstream. A spirometer was

used to measure the DLCO.

Pulmonary function tests were performed by standard
spirometry according to the American Thoracic Society
(ATS)/European Respiratory Society (ERS) recommenda-
tions. The DLCO was measured using the single-breath
method (Jaeger, Viaen, Germany). Values were expressed
as percentage of the predicted values. A significant change
in pulmonary function tests was defined as >10% change in
% FVC or >15% change in % DLCO, in conformity with the
ATS/ERS guideline.

2.6 Adverse effects

Unwanted adverse effects during the treatment and follow-
up periods were collected from medical records of patients
file and analyzed. Hospitalization or life-threatening effects
were considered serious adverse effects related to treatment(s).
Hospitalization or life-threatening effects due to persistent
disease was considered serious adverse effects related to
underlying disease(s).

2.7 Statistical analysis

InStat 3.01 (GraphPad Software, San Diego, CA, USA) was
used for statistical analysis. Categorical variables are pre-
sented as frequencies, with percentages in parentheses.
Continuous variables are presented as mean + standard
deviation (SD) if they are normally distributed or as median
with Q3-Q1 in parentheses if they are not normally distrib-
uted. Fisher’s exact test (in the four-grid table, when the total
number of cases was <40 and the theoretical frequency of all
grids was less than 5) or chi-square test (y*test; in the four-
grid table, when the total number of cases was >40 and the
theoretical frequency of all grids was greater than or equal
to 5) was used for the statistical analysis of categorical vari-
ables. The normality of the parameters was evaluated using
the Kolmogorov and Smirnov methods. The paired t-test,
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unpaired t-test, or one-way analysis of variance (ANOVA)
was used for statistical analysis of continuous variables that
were normally distributed with equal SDs. For normally dis-
tributed continuous variables with unequal SDs, a paired
t-test or unpaired ttest with Welch’s correction was used
for statistical analysis. The equality of the SDs was evaluated
using an F-test. For non-normally distributed continuous vari-
ables, the Wilcoxon matched-pairs signed-ranks test, Mann-
Whitney test, or Kruskal-Wallis’ test (nonparametric ANOVA)
was used for statistical analysis. The Tukey—Kramer or Dunn’s
multiple comparison test was used for post hoc analysis. All
results were considered significant if the p-value was less
than 0.05.

3 Results

3.1 Study population

Between January 15, 2017, and February 12, 2020, 267 Han
Chinese patients (=18 years of age) were diagnosed with
CTD-ILD at the Shanxi Bethune Hospital, Shanxi Academy
of Medical Sciences, Tongji Shanxi Hospital, Third Hospital
of Shanxi Medical University, Taiyuan, China, and the
Shanxi Provincial Hospital of Traditional Chinese Medicine,
Taiyuan, China. Among them, seven patients discontinued
treatment (cyclophosphamide or mycophenolate mofetil) for
no reason(s). Complete data for 15 patients were not avail-
able at the institutes (=3 variables). Therefore, data of these
patients (22 patients) were excluded from this study. Data on
the demographic and clinical conditions of patients at BL,
pulmonary physiology at BL and EL, and adverse effects in
245 patients with CTD-ILD were included in the analysis.
A summary of this study is shown in Figure 1.

3.2 Demographic and clinical conditions

Age, sex, smoking habits of patients, CTD, and pulmonary
physiology among cohorts were comparable at BL (p > 0.05
for all). A total of 29 (28%) and 40 (29%) patients had FVC
>70% at BL in the MMF and CYC cohorts, respectively.
At BL, 5 (5%) and 10 (7%) patients had 75% or more DLCO
in the MMF and CYC cohorts, respectively. None of the
patients had <40% DLCO at BL. None of the patients had
pulmonary hypertension (pulmonary artery systolic pres-
sure >50 mm Hg measured by cardiac color ultrasound, or
mean pulmonary artery pressure >20 mm Hg measured by
right heart catheterization) at BL. The demographic,
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Patients with connective tissue disease-associated interstitial lung disease (267 patients)

Excluded (22 patients)

A

L

e Discontinue treatment(s) (7 patients)
e Incomplete data (15 patients)

‘ Patients were included in the analysis (N = 245)

Stratification according to
treatment

l

Mycophenolate mofetil + + prednisolone (n = 105)

Analysed (n = 105)

e Demographic and clinical conditions
e Pulmonary physiology

e Adbverse effects

Figure 1: The summary chart of the study.

clinical, and spirometry parameters of the patients at BL
are presented in Table 1.

3.3 Pulmonary function tests

At EL, the % FVC was increased in both the MMF and CYC
cohorts as compared to their BL condition. At EL, % FVC
was higher in the CYC cohort than in the MMF cohort. At
EL, both the MMF and CYC cohorts had higher numbers of
patients with 70% or more FVC than their BL condition. At
EL, there were a greater number of patients with 70% or
more FVC in the CYC cohort than in the MMF cohort. At EL,
% DLCO was increased in both the MMF and CYC cohorts
compared to their BL condition. At EL, there is no statisti-
cally significant difference for % DLCO between the MMF
and CYC cohorts. At EL, both the MMF and CYC cohorts had
higher numbers of patients with 75% or more DLCO than
their BL condition. At EL, the number of patients with >75%
DLCO was statistically the same in both cohorts. Numbers
of patients with significant change in % FVC were higher in
the CYC cohort than that of the MMF cohort. Numbers of
patients with significant change in % DLCO were higher in

|

Cyclophosphamide + + prednisolone (n = 140)

Analysed (n = 140)

e Demographic and clinical conditions
e Pulmonary physiology

e Adbverse effects

the CYC cohort than that of the MMF cohort but statistically
same. The pulmonary physiology of the patients at BL and
EL is presented in Table 2.

3.4 Adverse effects

Nausea, vomiting, and appetite loss were common treat-
ment-related adverse effects observed in the CYC and
MMEF cohorts. Cyclophosphamide-induced leukopenia and
thrombocytopenia are treatment-related side effects. The
details of treatment-related non-serious side effects within
the treatment(s) and follow-up periods are reported in
Table 3.

There were more serious adverse effects and deaths
related to cyclophosphamide treatment(s) than mycophe-
nolate mofetil during the treatment(s) and follow-up per-
iods. In addition, only four (4%) patients from the MMF
cohort and six (4%) patients from the CYC cohort had pul-
monary hypertension within the treatment(s) and follow-
up period. The details of serious adverse effects due to
treatment(s) and disease(s) within the treatment(s) and
follow-up periods are reported in Table 4.
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4 Discussion

% FVC and the number of patients with >70% FVC were
increased for patients of the CYC cohort than their BL con-
dition and those patients of the MMF at EL. FVC increase in
MMF and CYC cohorts was approximately 8.57 and 15.07%,
respectively. In addition, numbers of patients with signifi-
cant change in % FVC were more in the CYC cohort than
those of the MMF cohort. The % FVC results in the current
study were consistent with those of a Cochrane database
of systematic reviews [2] but were not consistent with
those of a trial on patients with scleroderma-related ILD
[5]. The patients in the trial [5] also received treatment
for scleroderma, for example, intervention(s) with ritux-
imab, tocilizumab, immunoglobulin, and/or azathioprine.
In addition, baseline demographic and clinical conditions
affect the treatment(s) of CTD-ILD [5]. Cyclophosphamide
treatment(s) has a superior effect in the improvement of %
FVC than those of mycophenolate mofetil in patients with
CTD-ILD.

There is no statistical difference between the cohorts for
changes in DLCO value. The % DLCO results in the current
study were not consistent with those of a Cochrane database
of systematic reviews [2] and a trial on patients with scler-
oderma-related ILD [5]. Mycophenolate mofetil 2 years
treatment(s) and cyclophosphamide treatment(s) both have
beneficial effects on gas transfer in patients with CTD-ILD.

Patients in the CYC cohort had higher rates of leuko-
penia, thrombocytopenia, and serious adverse effects related
to treatment(s) than those in the MMF cohort. The results of
the adverse effects of the current study are consistent with
those of a trial on patients with scleroderma-related ILD [5]
and a Cochrane database of systematic reviews [2]. Myco-
phenolate mofetil for 2 years treatment(s) is less toxic and
better tolerated than cyclophosphamide treatment(s) in
patients with CTID-ILD. The primary disease and/or the
comorbidities (e.g., history of seizures requiring anti-epi-
leptic drugs) which have a confounding effects on severe
adverse events and treatment related death.

Patients in the CYC cohort had higher mortality rates
than those in the MMF cohort did. However, only 10 (4%;
4% each from both cohorts) had pulmonary hypertension.
There are many factors that affect pulmonary arterial pres-
sure, such as systemic sclerosis is prone to pulmonary
arterial hypertension, and other rheumatic diseases are
less. The results of pulmonary hypertension and death in
the follow-up of the current study are consistent with those
of a trial on patients with scleroderma-related ILD [5].
Mycophenolate mofetil has positive effects on pulmonary
hypertension [16]. Positive effects on pulmonary hypertension,
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especially in patients with <70% FVC, have survival advan-
tages [17]. In addition, the mortality was higher in the
CYC cohort due to adverse effects of cyclophosphamide.
Mycophenolate mofetil may have positive effects on pul-
monary hypertension and ultimately on the survival of
patients with CTD-ILD.

Unlike other trials [5,17], the current study used ‘number
of patients with an >70% FVC’ and ‘number of patients with
an 275% DLCO’ as an outcome measurement. Because the
number of patients with an FVC above 70% depends on the
FVC at baseline BT, the same goes for >75% DLCO. For
example, if a patient starts with an FVC of 50%, they will
need an increase of 20% while a patient who starts with an
FVC of 69% will need only 1% increase of FVC. So therefore,
the increase of FVC and the increase of DLCO in both cohorts
are the only good outcome parameter to describe efficacy of
treatment and the number of patients with an FVC of 270
and >75% DLCO is not. Furthermore, the absolute FVC and
DLCO at BL condition in both cohorts are also dependent on
the baseline numbers and has nothing to do with the effect of
treatment. FVC >70% [18] and DLCO >75% [19] are normal
values for these pulmonary physiological parameters. These
parameters are affected by disease conditions [5]. In addition,
most of patients had FVC about 60% and DLCO about 63%
at BL. Thus, by evaluating these parameters (‘number of
patients with an >70% FVC and ‘number of patients with
an 275% DLCO’), treatment(s) efficacy can be evaluated.

Unlike in a trial on patients with scleroderma-related
ILD [5], the number of deaths due to cyclophosphamide
treatment was lower in the current study (6 vs 17%).
Clinicians have realized the side effects of cyclophospha-
mide in the past 2 years. One is that the medication dosage
control is better than before, the patient’s reexamination
and monitoring are also in place, and some adverse reac-
tions can be observed over time. Therefore, the mortality
rate was not as high as before (50 mg/day oral dose).

Oral cyclophosphamide 50 mg once every other day
(the cumulative dose of cyclophosphamide should not
exceed 10 g) used instead of the once-daily 50 mg oral dose.
This is institutional protocol to reduce toxic effects of cyclo-
phosphamide.

Patients who stopped therapy excluded from analysis.
This is causing a selection bias. Patients who discontinued
cyclophosphamide or mycophenolate mofetil were not
useful to evaluate the efficacy parameters of cyclophosph-
amide or mycophenolate mofetil. Therefore, patients excluded
from analysis.

It is valuable to compare the efficacy and safety of two
potent immunosuppressive drugs in real life; however,
there are some issues that can influence drawing conclusions
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from the study, e.g., the study is retrospective and the lack of
randomized trials. This study compared the one-year treat-
ment(s) of cyclophosphamide with 2-year treatment(s) of
mycophenolate mofetil. However, this is technically unusual.
The study included Han Chinese patients only, which makes
issue of generalizability of the results. The possible justifica-
tion for the same is that there are basically no other people
race (Mongolian and Tibetan) residents of people in Taiyuan,
Shanxi. All residents are Han Chinese.

5 Conclusions

Cyclophosphamide plus prednisolone treatment(s) has a
superior effect in the improvement of % FVC than those
of treatment(s) of mycophenolate mofetil plus predniso-
lone in patients with CTD-ILD. Mycophenolate mofetil plus
prednisolone treatment(s) and cyclophosphamide plus pre-
dnisolone treatment(s) have beneficial effects on gas transfer
in patients with CTD-ILD. Mycophenolate mofetil plus predni-
solone for 2-year treatment(s) is less toxic and better tolerated
and has positive effects on the survival of patients than cyclo-
phosphamide plus prednisolone in patients with CTD-ILD.
By evaluating the number of patients with >70% FVC and
>75% DLCO treatment(s), efficacy could be evaluated. Oral
cyclophosphamide 50 mg once every other day (the cumula-
tive dose of cyclophosphamide should not exceed 10 g) has
fewer death than previously reported studies on cyclo-
phosphamide (once daily 50 mg oral cyclophosphamide
for 1 year).

Abbreviations

CTD Connective tissue disease

ILD Interstitial lung disease

CTD-ILD Connective tissue disease-associated
interstitial lung disease

X test Chi-square test

FVC Forced vital capacity

DLCO Diffusing capacity of the lungs for carbon
monoxide

ANOVA Analysis of variance

SD Standard deviation

BL Before intervention(s)

EL after complete of treatment

MMTF cohort Patients received oral 0.5 g twice a day of

mycophenolate mofetil for 2 years + oral
prednisolone
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CYC cohort  Patients received oral cyclophosphamide
50 mg once every other day; the cumulative
dose of cyclophosphamide should not
exceed 10 g + oral prednisolone
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